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(S) Expandable time slot interchanger. 

(57) A transmission scheme serially propagates 
time slot data to a plurality of TSI modules (32) 
with time slot data contained in one TSI frame 
being serially transmitted from module to mod- 
ule in a daisy-chain technique. A dedicated 
outbound transmission bus (48) transmits the 
frame of data from one module to a dedicated 
inbound transmission bus (46) of another mod- 
ule. The outbound and inbound data buses are 
connected by separate buses on a backplane 
(34) which is coupled to each of the TSI mod- 
ules. Preferably, the TSI modules do not trans- 
mit selected ones of the stored data to end 
destinations until the last TSI module has re- 
ceived the frame of data so that all modules can 
begin the transmission in time synchronization. 
Maximum transfer data rates can be achieved 
since undesired transmission line character- 
istics or disruptions are minimized by the use of 
dedicated input and output transfer buses be- 
tween the modules. Additional modules can be 
added without disrupting the transmission data 
rate between existing modules, thereby permit- 
ting a growable TSI facility without adversely 
impacting the data transmission rate between 
modules. 
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Background of the Invention 

This invention relates to time slot interch angers 
which are used in communication systems employing 
time division multiplex (TDM) switching techniques. A 
time slot interchanger (TSI) receives and temporarily 
stores information contained in time slots in a TDM 
system so that the information received in one time 
slot can be subsequently retransmitted during an- 
other time slot Thus; a TSI functions as a switch that 
routes communications between one party or path 
associated with a first time slot and another party or 
path associated with a second time slot. 

Although control of a TSI can be implemented in 
hardware or software, the software implementations 
offer substantial flexibility as compared with a hard- 
ware implementation. In a typical software implemen- 
tation, random access memory (RAM) stores re- 
ceived information contained in a first time slot at a 
predetermined address. The RAM location containing 
this information is subsequently accessed and the in- 
formation transmitted during another rime slot Each 
received time slot is associated with a separate RAM 
address location. Information in an output time slot is 
obtained by reading the information stored at the 
RAM address corresponding to an input rime slot as- 
sociated wit h the output time slot Encoded digital sig- 
nals, such as created by pulse code modulation 
(PCM) techniques, may be utilized to carry the infor- 
mations. 

A common application of a TSI is in a telephone 
switching system where it may cooperate with a 
space switching module to provide electronically 
switchable channels for connecting call originating 
subscribers with called subscribers. A predetermined 
number of time slots comprise a frame which is util- 
ized for timing and synchronization purposes. A TSI 
must be capable of handling at least the number of 
time slots which may be concurrently utilized. 

A large telephone switching system places a sub- 
stantial burden on a TSI utilized in the system. The 
number of time slots that can be concurrently handled 
by a TSI limits the maximum number of subscribers 
which can be handled by the switching facility. For ex- 
ample, a switching facility with a maximum capacity 
of 1 5,000 calls would require a corresponding TSI ca- 
pable of handling 30.000 concurrent time slot assign- 
ments since one outbound channel and one inbound 
channel are required to support each duplex conver- 
sation . In order to minimize delays through the 
switching system, it is desirable to operate a TSI at 
very high clock speeds. However, the transmission of 
signals at high clock speeds places demands on the 
transmission lines or data buses utilized to carry the 
time slot data to and from a TSI. For large switching 
systems, physical constraints make it difficult, if not 
impossible, to construct the TSI function on a single, 
reasonably sized, printed circuit board or module. The 



use of separate modules to implement a TSI further 
aggravates the tramsmission difficulties encountered 
at high clock speeds. 

Prior art TSI facilities capable of handling a large 

5 number of time slots have been constructed as sep- 
arate modules with input and output slot information 
communicated to each module in parallel over either 
a single bus or separate input and output buses. While 
such implementations have generally been success- 

10 ful, increased capacity demands and the resulting de- 
sire for higher clock speeds and faster data transmis- 
sion capabilities present problems. It is difficult to 
minimize the undesirable transmission problems, 
such as transmission line reflections, when parallel 

15 bus connections are utilized for high speed data trans- 
mission, especially when the number of modules 
served by the parallel bus can change. In a growable 
system, adding or removing TSI modules causes a 
parallel bus to experience a change in impedance. As 

20 the number of modules connected to a bus increase, 
the capacitive load presented by the modules in- 
crease making the bus more difficult to drive. In order 
to provide for resynchronization of the data distributed 
by a parallel bus, a large number of wide elastic stor- 

25 age devices may be required. Thus, there exists a 
need for an improved TSI which minimizes these dif- 
ficulties. 



30 



Summary of the Invention 



The present invention minimizes the above prob- 
lems by providing an improved transmission scheme 
for interconnecting a plurality of TSI modules. A trans- 
mission channel (data bus) carrying all rime slot infor- 

35 mation serially links each TSI module. Time slot infor- 
mation is transmitted over this transmission channel 
in a daisy-chain technique in which each TSI module 
receives, stores, and then retransmits the informa- 
tions to the next TSI module. 

40 The technique in accordance with the present in- 

vention minimizes the difficulties encountered in par- 
allel bus data distribution schemes of the prior art. Un- 
desired transmission line reflections and load varia- 
tions are minimized since each TSI module is only re- 

45 quired to drive one other TSI module. Since each TSI 
module preferably stores ail of the time slot informa- 
tion, resynchronization of the rime slots on each TSI 
module is accomplished without the requirement of 
wide elastic buffers. Although frames of time slot in- 

50 formation are sequentially transmitted from module to 
module, output time slot transmissions to separate 
end destinations are made in parallel from each TSI 
module via associated transmission links. These ad- 
vantages of the present invention, as well as others, 

55 will be perceived from the description of an illustrative 
embodiment and the drawings which follow. 
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Brief Description of the Drawings 

FIG. 1 is a block diagram of a switching system 
which incorporates a time slot interchange facility in 
accordance with the present invention. 5 

FIG. 2 is a block diagram of an exemplary inter- 
change facility containing a plurality of TSI modules 
in accordance with the present invention. 

FIG. 3 is a block diagram of an embodiment of a 
TSI module as shown in FIG. 2. 10 

FIG. 4 is a diagram illustrating an exemplary ar- 
rangement for the transmission of data in accordance 
with the present invention. 

FIG. 5 depicts the storage of the time slot data in 
the SRAM memory elements as shown in FIG. 3. 15 

FIG. 6 depicts the arrangement of control infor- 
mation stored in CRAM memory elements of FIG. 3. 

FIG. 7 illustrates a representative format of con- 
trol information stored in the CRAM memory shown 
in FIG. 6. 20 

FIG. 8 is a flow diagram illustrating the general 
processing of a telephone call in a switching system 
which includes a time slot interchange in accordance 
with the present invention. 

25 

Detailed Description 

An embodiment of a time slot interchanger in ac- 
cordance with the present invention is explained be- 
low as being incorporated in a telephone switching 30 
environnement Although the TSI is especially suited 
for such applications, it will be appreciated that it is 
also suited for use in any TDM system in which time 
slot switching is utilized. 

FIG. 1 shows a block diagram for a telephone 35 
switching system which incorporates an embodiment 
of the present invention. A switch controller 20 is con- 
nected by a communication link 22 to a time slot in- 
terchanger (TSI) 24. The TSI 24 is controlled by com- 
munications received from switch controller 20 and 40 
functions as a switch that connects each output rime 
slot corresponding to an input time slot. A plurality of 
interface units 26 are connected by communication 
channels 28 to TSI 24. The interface units provide for 
data expansion or multiplexing between data chan- 45 
nels 30 and the TSI 24. The dashed lines in FIG. 1 rep- 
resent that the switching system can be grown by us- 
ing corresponding sets of these elements. 

FIG. 2 illustrates an embodiment of a time slot in- 
terchanger 24 in accordance with the present inven- so 
tion. A plurality of rime slot interchanger modules 32 
represent physically separated modules or printed cir- 
cuit boards substantially identical in function and op- 
eration. In the illustrative embodiment, ten time slot in- 
terchanger modules TSI0-TSI9 are employed to pro- 55 
vide a complete time slot interchange facility. Each 
TSI module 32 is coupled to a backplane 34 which 
serves to interconnect the modules to each other and 
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to the interface units 26 via channels 28. A clock gen- 
erator 35 and sync generator 36 provide clock and 
synchronization information to the TSI modules and 
to a serial-to-parallel converter 38. The clock and 
sync generators are is also coupled to switch control- 
ler 20 and facilitates clock and synchronization be- 
tween the switch controller and the time slot inter- 
changer module 32. The serial-to-parallel converter 
38 provides a data communication link between the 
switch controller and the time slot interchange mod- 
ules. The switch controller provides instructions to the 
time slot interchange modules by control bus 52 and 
controls the input/output time slot correlation and 
other functions of the TSI module as explained below. 
As used herein, bus refers to all forms of a communi- 
cation path. 

A plurality of communication channels exist be- 
tween each TSI module 32 and other devices via the 
backplane 34. A bidirectional input/output channel 
(IO) 40 couples input data sent from external sources 
via channels 28 and the backplane 34 to the TSI mod- 
ules 32. Channel 40 also carries output data transmit- 
ted from the TSI modules to external devices via 
channels 28 and backplane 34. The output data is de- 
rived from information contained in selected ones of 
the inbound time slot information stored in TSI mod- 
ules 32. A communication channel 42 couples clock 
and sync information between the TSI modules 32 
and the clock/sync generator 36. 

The input data received by each TSI module on 
channel 40 is redistributed as inbound slot data (ISD) 
on channel 44 and combined on channel 46 to form' 
parallel frames of inbound time slot information. Thus, 
distribution bus 46 contains all the frames of inbound 
data received by the TSI modules during each TSI 1 
frame. A TSI frame consists of the time interval in 
which a frame of input data is received via channel 40 
and a corresponding frame of output data is transmit- 
ted over channel 40. The information contained in the 
inbound frame from bus 46 is stored in TSIO dig one 
TSI clock period and retransmitted to the next adja- 
cent module (TSI1) via communication channel 48. A 
TSI clock period is the time required to receive a set 
of frames of input data via bus 46; it is also the time 
required to transmit a set of frames of input data via 
bus 48. Thus, all input data received during a TSI 
frame is sequentially received by each TSI module via 
channel 46. stored in storage element 49 in each 
module, and transmitted to the next adjacent TSI 
module via channel 48. In this manner, each module 
retransmits the information to the next adjacent mod- 
ule in a "daisy-chain" technique. It will be apparent 
that TSI9, being the last module in the illustrative em- 
bodiment, has no requirement to further retransmit 
the information. However, in order to standardize the 
manufacture of the TSI modules and to accommodate 
further growth, bus 48 is routed back to the back- 
plane by TSI9, even though the transfer of informa- 
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tions on this bus at the backplane is not utilized. 

Outbound time slot data (OSD) is carried by 
channel or bus 50. The OSD consists of selected in- 
bound time slot information stored in each TSI module 
and is retransmitted as output data on channel 40 to s 
external devices via backplane 34. The selection of 
the inbound time slot information functions as the 
technique by which an inbound time slot is switched 
to an outbound time slot. Since each TSI module 
stores all inbound time slots during a TSI frame, the 10 
OSD can carry outbound time slot information corre- 
sponding to information contained in any of the in- 
bound rime slots. As will be explained in greater detail 
below, the OSD is determined by a control random 
access memory (CRAM) on each module. The control 15 
memory stores control information transmitted from 
the switch controller 20 by serial-to-parallel converter 
38 on control bus 52 to the control memories on each 
module. 

As the number of TSI modules increase, the 20 
propagation delay for inbound data to be distributed 
from TSIO to the last TSI module will increase. Each 
TSI module introduces a delay of at least one TSI 
clock period. However, due to timing considerations, 
it may be desirable to introduce additional TSI clock 25 
periods of delay such as one to receive the time slot 
data on bus 46 and one to transmit the time slot data 
via bus 48 to the next TSI module. Data is received 
from external sources via channel 40 by each TSI 
module in frame synchronization. Similarly, output 30 
data is desirably transmitted by each TSI module over 
channel 40 to external devices in frame synchroniza- 
bon. Because of the delay introduced by the daisy- 
chain distribution technique, each TSI module prefer- 
ably resynchronizes the output data to be transmitted 35 
over channel 40 relative to the position of the TSI 
module to TSIO. Where two TSI clock periods per TSI 
module are used, TSIO introduces the largest trans- 
mission resynchronization delay of 18 (2x(N-1), 
where N equals number of TSI modules) TSI dock 40 
periods in order to account for the delay between 
TSIO and TSI9 of the daisy-chain data transmission. 
Although the individual TSI modules receive the in- 
bound time slot data over channels 46 and 48 at dif- 
ferent TSI clock periods, each preferably transmits 45 
output data via channel 40 in frame synchronization. 

FIG. 3 is a block diagram of a time slot inter- 
change module 32 in accordance with an embodi- 
ment of the present invention. Interface modules IF0- 
IF3 selectively link four of eight pairs of duplex com- so 
munication channels, TSI links 0-0, 0-1; 1-0. 1-1; 2-0, 
2-1; 3-0, 3-1, to the four incoming slot data (ISD) 
channels and the four outbound slot data lines OSD0- 
OSD3. Each interface module functions as a multi- 
plexer permitting a 2:1 fan- in/fan-out of data and is 55 
controlled by commands sent by the switching mod- 
ule 20 over control bus 52. 

Control random access memory units CRAM0- 



CRAM3 receive and store control (command) data 
transmitted from the switch controller via control bus 
52. Each CRAM is connected by bus 54 to the ad- 
dress and chip select lines associated with static ran- 
dom access memory units SRAM0-SRAM9. Each in- 
bound time slot in a TSI frame is stored at a separate 
predefined memory address in SRAM 0- SRAM 9. 
Each CRAM is capable of addressing each memory 
location in each SRAM. This access capability is util- 
ized to select information corresponding to one in- 
bound time slot for transmission during an output time 
slot. 

Each CRAM is also connected by channel 56 to 
a corresponding amplitude controlling read-only 
memory AR0M0-AR0M3. Each AROM functions as a 
look-up table and is utilized to condition information 
selected from an SRAM prior to retransmission as out- 
put data. The AROM addressing is dependent on the 
PCM data retrieved from a location in a SRAM and on 
control data sent to the AROM over channel 56 from 
the corresponding CRAM. The data output on chan- 
nel 61 by the AROM represents PCM data received 
from the SRAM with increased, no change, or de- 
creased amplitude. Each CRAM provides control in- 
formation to a corresponding AROM that determines 
if attenuation or amplification is to be provided, and if 
so, the amount. Each CRAM is connected by a chan- 
nel 58 to a corresponding selector SEL0-SEL3. In re- 
sponse to a selection command sent from a CRAM via 
channel 58, each selector selects one of the SRAM's 
and couples the information stored at an address lo- 
cation in the selected SRAM as an output of the se- 
lector on line 60. 

The input bus 46 is coupled to each SRAM and 
consists of four buses for each TSI module. Thus, in 
the illustrative embodiment, bus 46 would comprise 
40 (4x1 0) separate buses with each bus carrying one 
frame of inbound time slot data during a TSI frame. 
Output bus 48 also coupled to each SRAM is similarly 
configured and carries the information stored in the 
SRAM's to the next TSI module. Thus, SRAM0- 
SRAM9 must store in the aggregate 40 frames of in- 
formation. The organization of each SRAM and 
CRAM is explained below. In the interest of readabB- 
ity. clock signals are not shown on FIG. 3. However, 
those skilled in the art will appreciate that clock sig- 
nals are distributed to each of the elements shown in 
FIG. 3. 

FIG. 4 illustrates a format diagram of an exem- 
plary frame 63 of inbound and outbound data. Each 
of the four interface modules on each TSI module re- 
ceives or transmits one frame 63 of data during a TSI 
frame. In accordance with the illustrative embodi- 
ment, each TSI frame consists of 40 (10x4) of such 
data frames. The input data bus 46 and output data 
bus 48 on each TSI module carry 40 frames of data 
during each TSI clock period. Each data frame con- 
sists of 32 blocks, i.e., block 0-block 31. Each block 
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consists of overhead bytes 0 and 1 , 24 bytes of PCM 
data P0-P23 where each byte corresponds to a voice 
sample encoded in one time slot, and six bytes of sig- 
naling data S0-S5. Each of the PCM bytes consist of 
eight binary coded bits 0-7. Each signaling byte con- 5 
sists of seven bits, A-G of binary encoded bits. The 
signaling bytes and overhead bytes are utilized as is 
known to those skilled in the art to control data com- 
munication flow, synchronization, error detection, er- 
ror correction, and other informations, depending 10 
upon the design parameters and environment of the 
system utilizing the TSI facility. In the illustrative ex- 
ample, each data frame supports 768 (32x24) sepa- 
rate time slots each typically carrying a voice trans- 
mission from one party to another. 1 5 

FIG. 5 is a representation of a SRAM as illustrated 
in FIG. 3 to facilitate visualization of the storage of the 
time slot information. In order to equally distribute the 
storage requirement each of the 10 SRAM's stores 
four frames of input time slot data, i.e., 3072 time slots 20 
of data (4x768) in a first section 62. Each SRAM may 
be visualized as comprised of a first section 62 and a 
second duplicate section 64, each capable of storing 
four frames of time slot data. The second duplicate 
section 64 is only required if a double buffering tech- 25 
nique which is known in the art is utilized. Double buf- 
fering requires the storage of two consecutive TSI 
frames of data so that one section of data is read while 
the other section is written to with new information. 
Each SRAM may be further visualized as segregated 30 
into parallel columns 66, 68, 70, and 72 of memory, 
wherein each column stores one frame of time slot 
data. Each column in one section contains 768 rows 
which accommodates 768 bytes of information. Each 
byte of time slot information stored in each SRAM is 35 
separately addressable. This permits an output time 
slot to be associated with any of the input time slots, 
thereby providing a nonblocking TSI function wherein 
previous time slot assignments do not limit the re- 
maining time slot assignments which can be made. If 40 
the double buffering technique is not utilized, section 
64 of each SRAM is not required, thereby reducing 
the total memory storage requirement by one half. 

Each byte in one data frame is stored in sequence 
in one column of an SRAM as shown in FIG. 5, result- 45 
ing in the storage of time slot TSO through time slot 
TS maximum, which corresponds in the illustrative 
embodiment to TS 767. Since each of the storage lo- 
cations can be separately addressed to retrieve the 
informations stored at any of the locations during an so 
output rime slot, the direct sequential storage of time 
slot bytes in each frame is facilitated. 

FIG. 6 is a representation of the storage of control 
words in each CRAM. Each CRAM stores a control 
word, described in detail below, for each of the in- 55 
bound time slots in one frame, i.e., in the illustrative 
example 768 control words. Each control word ad- 
dresses a memory location in one of the SRAMs con- 
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taining information corresponding to one of the input 
time slots. The CRAM is organized sequentially from 
control slot SO to control slot S maximum (767 in the 
illustrative example) and is sequentially addressed 
from SO to S max to generate a frame of output data. 
Output time slots 0-767 in each frame correspond to 
S0-S767 in the CRAM. Part of each control word con- 
tains an address to one memory location in an SRAM 
and identification of which SRAM0-SRAM9 to select. 
Cycling through the CRAMs thereby identifies for 
each outbound time slot information a corresponding 
inbound time slot 

FIG. 7 illustrates a representative format for each 
control word utilized in the CRAMs. Each control word 
preferably contains at least four sections: (a) identifi- 
cation of an inbound time slot; (b) a flag which deter- 
mines if a double buffering technique is to be utilized; 
(c) identification if an output rime slot is to contain a 
predetermined PCM byte instead of accessing the 
data stored in an inbound time slot (d) a series of 
fields which are utilized by a corresponding AROM to 
control the amplitude of the output PCM data. 

The time slot selection informations in the control 
word includes fields 74, 76, and 78. Field 74 identifies 
one of the ten sets of four data frames associated with * 
the four ISD buses on each TSI module. Buses 46 and 1 
48 consist of ten sets of buses, each set containing 
four buses corresponding to the four frames of data 
received by each TSI module during a TSI frame. 
Since each bus set corresponds to one TSI module, 
this field can also be considered as selecting one of 
the TSI modules. Field 76 identifies a particular bus 
of the set of four buses (frames) identified by field 74. 
Field 78 identifies a specific input time slot, i.e., 0-767 - 
sent over the selected bus (frame). It will be under- 
stood that the actual data contained in fields 74, 76, 
and 78 correspond to an addressing structure so that 
the cumulative information contained in these fields 
define a specific address location in one of the 
SRAMs. The time slot input/output correlations are 
controlled by the control words in the CRAMs which 
are received on the control bus from switch controller 
20. 

Field 80 contains a flag which determines wheth- 
er double buffering is to be utilized. Fields 82 and 84 
are associated with the transmission of a def ined out- 
put value during the output time slot. If the fixed out- 
put flag in field 84 is set, the fixed output value stored 
in field 82 as a PCM word is transmitted during the 
corresponding outbound time slot regardless of data 
contained in a corresponding input time slot. This ca- 
pability is useful for defining fill data to be transmitted 
when an output time slot is not utilized and can be util- 
ized to transmit information to the subscriber which 
doesn't change, such as the transmission of silence 
while a subscriber is inputting Touch-tone digits to a 
called party. 

Fields 86, 88, 90, and 92 contain information 
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which controls the amplification or attenuation of the 
PCM data contained in the associated rime slot. 
Fields 86 and 88 contain flags which determine the 
type of PCM compression, u. law or A-law t associated 
with the input and output PCM values. The flag in field 5 
90 determines if the PCM word is to be amplified or 
attenuated. If the PCM word is to be amplified or at- 
tenuated, the amount of the amplification or attenua- 
tion in decibels is contained in data stored in field 92. 
The gain control information contained in these fields 10 
is utilized as part of an address for the AROM asso- 
ciated with the CRAM containing the control word. 
Each AROM may be considered as a look-up table of 
predetermined, stored PCM data words with the se- 
lection of the word to be transmitted, determined by 15 
the input PCM word from channel 60 and the data 
contained in fields 86-92 from the CRAM. The select- 
ed PCM value is output to the CRAM on channel 61 . 

FIG. 8 is a flow diagram illustrating the process- 
ing of a telephone call in a switching system, such as 20 
a 5ESS® switch, which incorporates a time slot inter- 
changer in accordance with the present invention. 
Beginning with the start of call 100, a telephone sub- 
scriber goes off-hook as indicated by step 1 02. In step 
104 a line unit connected to the subscriber's tele- 25 
phone line reports the off-hook event to the associ- 
ated switching module. As indicated in step 106, the 
switch controller responds by setting up a two-way 
connection through the TSI between the subscriber 
and a digital service unit (DSU-not shown) contained 30 
in the switching system. The DSU functions to send 
dial tone and receive digits from the subscriber. In 
step 108, the switch controller parses the received 
digits to determine routing utilized to reach a called 
party which is assumed in this example, to be ser- 35 
viced by a different TSI. Then, in step 110, the switch 
controller queries a central processor in the switching 
system to obtain a network time slot allocation for 
connection to the called party. In step 112 the switch 
controller sets up a two-way connection through the 40 
TSI between the subscriber and a communications 
module (CM) for connection to the called party. The 
initial connection from the subscriber to the DSU is 
torn down or disconnected since this path is no longer 
needed. The subscriber portion of the connection 45 
which comprises an input time slot to the TSI may be 
rerouted to an outbound time slot for connection to 
the CM. Thus, the calling party and the called party 
now have established two-way communications us- 
ing one inbound/outbound time slot for communica- so 
tions sent from the calling party and another in- 
bound/outbound time slot for communications sent 
from the called party. At the conclusion of the com- 
munication session, the subscriber goes on-hook as 
indicated in step 114. This causes the switch control- 55 
ler to tear down the connections through the TSI be- 
tween the subscriber and the called party as indicat- 
ed in step 116. Thus, the input and output time slots 
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associated with the communication links are released 
for further assignment. This ends the flow of a tele- 
phone call through a TSI in accordance with the pres- 
ent invention as indicated at step 118. 

The illustrative embodiment of a TSI in accor- 
dance with the present invention achieves the advan- 
tages discussed above. The use of TSI modules per- 
mits a growable TSI facility capable of being operated 
at high clock speeds. By the use of the daisy-chain 
time slot distribution between TSI modules, adding or 
removing TSI modules to the end of the series of mod- 
ules does not change the intermodule transmission 
characteristics. The capacitive load presented to an 
intermediate TSI module is fixed since the addition of 
modules only affects the output load of the last exist- 
ing TSI module. The impedance among the driving 
bus circuitry forone TSI module, the receiving bus cir- 
cuitry of the adjacent TSI module, and the transmis- 
sion line impedance of the bus interconnecting them 
is not substantially affected as more modules are add- 
ed, thereby minimizing reflections caused by system 
growth. 

Although an embodiment of the present invention 
has been shown and illustrated in the drawings, the 
scope of the invention is defined by the claims which 
follow. 



Claims 

1. A time slot interchanger (24) for distributing data 
contained in time slots of a time division multi- 
plexed system, the interchanger characterized 
by: 

time slot interchange (TSI) modules (32) 
each including means (SRAM's) for receiving all 
rime slot data in one TSI rime frame via an in- 
bound data bus (46), means (49) for storing said 
time slot data, means (SRAM's) for transmitting 
said received time slot data via an outbound data 
bus (49), and means (SEL's. AROM's. CRAM's, 
IFs) for transmitting selected ones of the stored 
time slot data as output data on communication 
channels (40) coupled to each TSI module (32). 

transmission channel means (34) for con- 
necting said outbound data bus of each TSI mod- 
ule to said inbound data bus of a next TSI module; 
and 

means (22, 52. CRAM's, SRAM's) for se- 
quentially transferring said received time slot 
data from each TSI module to the next TSI mod- 
ule via said transmission channel means. 

2. The time slot interchanger according to claim 1 
wherein each TSI module (32) comprises means 
(lF's) for receiving input data on said communica- 
tion channel (40), and means for transferring said 
received input data to said inbound data bus of a 
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first TSI module, said input data received over 
said inbound data bus of said first TSI module 
comprising said time slot data for said first TSI 
module. 

3. The time slot interchanger according to claim 1 
wherein said transmission channel means com- 
prises a series of buses disposed on a backplane 
module (34) to which each TSI module is coupled. 

4. The time slot interchanger according to claim 1 
wherein said transferring means effects the 
transfer of time slot data so that the number of 
TSI clock time periods required for one frame of 
said time slot data to propagate from the first to 
the last TSI module is proportional to the number 
of TSI modules. 

5. The time slot interchanger according to claim 1 
wherein said outbound data bus from a prior TSI 
module is only coupled to said inbound data bus 
of a next TSI module so that adding additional TSI 
modules does not significantly impact the trans- 
mission line characteristic of the path from the 
outbound data bus of an existing TSI module to 
the inbound data bus of the next existing TSI 
module. 

6. The time slot interchanger according to claim 1 
further comprising means for synchronizing said 
TSI modules so that said selected ones of the 
stored time slot data are not transmitted from any 
TSI module until every TSI module has received 
said time slot data for the same TSI frame. 

7. A time slot interchange (TSI) module (32) charac- 
terized by: 

means (SRAM's)for receiving all time slot 
data in one TSI time frame via an inbound data 
bus (46); 

means (SRAM's) for storing said time slot 

data; 

means (SRAM's) for transmitting said stor- 
ed time slot data via an outbound data bus (48); 

means (SELs, AROM's. CRAM'S. IPs) for 
transmitting selected ones of the stored time slot 
data as output data on a communication channel 
(40) coupled to said TSI module. 

8. The TSI module according to claim 7 further com- 
prising means for receiving input data via the 
communication channel and means for routing 
said received input data over an input data bus. 

9. The TSI module according to claim 7 wherein said 
inbound data bus. outbound data bus, and com- 
munication channel are each adapted to be cou- 
pled to corresponding buses carried by a back- 



plane module coupled to said TSI module. 

1 0. The TSI module according to claim 7 wherein said 
transmitting means retransmits the stored time 

5 slot data a predetermined number of TSI clock 

time periods after receipt of said time slot data. 

11. A method for distributing data contained in time 
slots of a time division multiplexed system in 

10 which a plurality of time slot interchange (TSI) 

modules are utilized characterized by: 

receiving by a first TSI module a plurality 
of data corresponding to a number of time slots 
in one TSI frame and storing the data received 
15 during the frame; 

transmitting by the first TSI module the re- 
ceived data to a next TSI module which receives 
and stores the data; 

each TSI module sequentially receiving 
20 the data in a frame from a preceding TSI module, 

storing the data in the frame, and retransmitting 
the received data to the next TSI module. 

12. The method according to claim 11 furthercharac- 
25 terized by: 

receiving input data by each TSI module 
on communication channels; 
and 

transferring the received input data to a 
30 first TSI module. 

13. The method according to claim 11 further charac- 
terized by: 

transmitting by each TSI module selected 
35 ones of the stored time slot data as output data* 

on communication channels for transmission to 
an end destination. 

14. The method according to claim 11 further charac- 
40 terized by: 

receiving by each TSI module the frame of 
data via an inbound data bus and transmitting the 
stored frame of data via an outbound data bus, 
each outbound data bus coupled to only an in- 
45 bound data bus of another TSI module so that the 

frames of data are sequentially sent and stored by 
each TSI module in a daisy-chain technique, 

15. The method according to claim 11 further charac- 
50 terized by: 

synchronizing the transmission of select- 
ed ones of the stored time slot data via commu- 
nication channels coupled to end destinations so 
that the transmission of said selected ones does 
55 not begin until the last TSI module has received 

the same frame of data stored by a f irst TSI mod- 
ule. 
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16. The method according to claim 11 further charac- 
terized by: 

maximizing the rate at which the frames of 
data can be transferred from one TSI module to 
another TSI module by utilizing dedicated buses 5 
which only connect the outbound data bus of the 
transmitting TSI module to the inbound data bus 
of the adjacent receiving TSI module, thereby 
minimizing transmission tine characteristic varia- 
tions which would occur if other devices could ac- 10 
cess the sequential buses. 

17. The method according to claim 11 wherein a last 
TSI module receives the frame of data received 

by the first TSI module a number of TSI clock time 1 s 
periods after the first TSI module transmitted the 
data, the number of TSI clock time periods being 
proportional to the number of TSI modules. 
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(54) Expandable time slot interchanger. 

(57) A transmission scheme serially propagates 
time slot data to a plurality of TSI modules (32) 
with time slot data contained in one TSI frame 
being serially transmitted from module to mod- 
ule in a daisy-chain technique. A dedicated 
outbound transmission bus (48) transmits the 
frame of data from one module to a dedicated 
inbound transmission bus (46) of another mod- 
ule. The outbound and inbound data buses are 
connected by separate buses on a backplane 
(34) which is coupled to each of the TSI mod- 
ules. Preferably, the TSI modules do not trans- 
mit selected ones of the stored data to end 
destinations until the last TSI module has re- 
ceived the frame of data so that all modules can 
begin the transmission in time synchronization. 
Maximum transfer data rates can be achieved 
since undesired transmission line character- 
istics or disruptions are minimized by the use of 
dedicated input and output transfer buses be- 
tween the modules. Additional modules can be 
added without disrupting the transmission data 
rate between existing modules, thereby permit- 
ting a growable TSI facility without adversely 
impacting the data transmission rate between 
modules. 
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